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TABLE 1-1. Selection and Properties of Aircraft Wood. (See notes following table.) (continued)

2. Defects Not Permitted.

a. Cross grain. Not acceptable, unless within limitations noted in 1a.

b. Wavy, curly, and interlocked grain. Not acceptable, unless within limitations noted in 1b.

c. Hard knots. Not acceptable, unless within limitations noted in 1c.

d. Pin knot clusters. Not acceptable, if they produce large effect on grain direction.

e. Spike knots. These are knots running completely through the depth of a beam perpendicular to the annual
rings and appear most frequently in quarter-sawed lumber. Reject wood containing this defect.

f. Pitch pockets. Not acceptable, unless within limitations noted in 1e.

g. Mineral streaks. Not acceptable, if accompanied by decay (see 1f).

h. Checks, shakes, and splits. Checks are longitudinal cracks extending, in general, across the annual rings.
Shakes are longitudinal cracks usually between two annual rings. Splits are longitudinal cracks induced by artifi-
cially induced stress. Reject wood containing these defects.

i. Compression wood. This defect is very detrimental to strength and is difficult to recognize readily. It is char-
acterized by high specific gravity, has the appearance of an excessive growth of summer wood, and in most species
shows littie contrast in color between spring wood and summer wood. In doubtful cases reject the material, or sub-
ject samples to toughness machine test to establish the quality of the wood. Reject all material containing compres-
sion wood.

j. Compression failures. This defect is caused from the wood being overstressed in compression due to natu-
ral forces during the growth of the tree, felling trees on rough or irregular ground, or rough handling of logs or lumber.
Compression failures are characterized by a buckling of the fibers that appear as streaks on the surface of the piece
substantially at right angles to the grain, and vary from pronounced failures to very fine hairlines that require close
inspection to detect. Reject wood containing obvious failures. In doubtful cases reject the wood, or make a further
inspection in the form of microscopic examination or toughness test, the latter means being the more reliable.

k. Decay. Examine all stains and discoloration carefully to determine whether or not they are harmless, or in a
stage of preliminary or advanced decay. All pieces must be free from rot, dote, red heart, purple heart, and all other
forms of decay.

fittings and wire bracing and checking or FEATHERED END
splitting of wood members. A few suggestions
for minimizing these shrinkage effects are:

(1) Use bushings that are slightly short
so that when the wood member shrinks the
bushings do not protrude and the fittings may
be tightened firmly against the member.

FIGURE 1-2. Tapering of faceplate.

(2) Gradually drop off plywood face-

plates by feathering as shown in figure 1-2. facturer requires specialized strength or dura-

bility characteristics.

(3) Thoroughly seal all wood surfaces,
particularly end grain and bolt holes, with var-
nish, epoxy, or other acceptable sealer to slow
or prevent moisture changes in the member.
(See Section 5. Finishing Wood Structures.)

1-4. ADHESIVES. Because of the critical
role played by adhesives in aircraft structure,
the mechanic must employ only those types of
adhesives that meet all of the performance re-
quirements necessary for use in certificated
civil aircraft. Use each product strictly in ac-
cordance with the aircraft and adhesive manu-
facturer’s instructions.

1-3. MODIFIED WOOD PRODUCTS.
The most common forms of modified woods
found in aircraft construction are plywood.
Although not a wood product, Phenolic parts
are sometimes incorporated into structures.
These products are used whenever the manu-

a. Adhesives acceptable to the FAA can
be identified in the following ways:

Par 1-2 Page 1-3
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(1) Refer to the aircraft maintenance or
repair manual for specific instructions on ac-
ceptable adhesive selection for use on that type
aircraft.

(2) Adhesives meeting the requirements
of a Military Specification (Mil Spec), Aero-
space Material Specification (AMS), or Tech-
nical Standard Order (TSO) for wooden air-
craft structures are satisfactory providing they
are found to be compatible with existing
structural materials in the aircraft and the fab-
rication methods to be used in the repair.

b. Common types of adhesives that are
or have been used in aircraft structure fall into
two general groups: casein and synthetic-
resins. Adhesive technology continues to
evolve, and new types (meeting the require-
ments of paragraph 1-4a) may become avail-
able in the future.

(1) Casein adhesive performance is
generally considered inferior to other products
available today, modern adhesives should be
considered first.

CAUTION: Casein adhesive deterio-
rates over the years after exposure to
moisture in the air and temperature
variations. Some modern adhesives
are incompatible with casein adhesive.
If a joint that has previously been
bonded with casein is to be rebonded
with another type adhesive, all traces
of the casein must be scraped off be-
fore the new adhesive is applied. If
any casein adhesive is left, residual al-
kalinity may cause the new adhesive to
fail to cure properly.

(2) Synthetic-resin adhesives comprise
a broad family which includes plastic resin
glue, resorcinol, hot-pressed Phenol, and ep-
OXy.
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(3) Plastic resin glue (urea-formalde-
hyde resin glue) has been used in wood aircraft
for many years. Caution should be used due to
possible rapid deterioration (more rapidly than
wood) of plastic resin glue in hot, moist envi-
ronments and under cyclic swell-shrink stress.
For these reasons, urea-formaldehyde should
be considered obsolete for all repairs. Any
proposed use of this type adhesive should be
discussed with the appropriate FAA office
prior to using on certificated aircraft.

(4) Federal Specification MMM-A-
181D and Military Specification MIL-A-
22397 both describe a required series of tests
that verify the chemical and mechanical prop-
erties of resorcinol. Resorcinol is the only
known adhesive recommended and approved
for use in wooden aircraft structure and fully
meets necessary strength and durability re-
quirements. Resorcinol adhesive (resorcinol-
formaldehyde resin) is a two-part synthetic
resin adhesive consisting of resin and a hard-
ener. The appropriate amount of hardener (per
manufacturer’s instruction) is added to the
resin, and it is stirred until it is uniformly
mixed; the adhesive is now ready for immedi-
ate use. Quality of fit and proper clamping
pressure are both critical to the achievement of
full joint strength. The adhesive bond lines
must be very thin and uniform in order to
achieve full joint strength.

CAUTION: Read and observe mate-
rial safety data. Be sure to follow the
manufacturer’s instructions regarding
mixing, open assembly and close as-
sembly times, and usable temperature
ranges.

(5) Phenol-formaldehyde adhesive is
commonly used in the manufacturing of air-
craft grade plywood. This product is cured at
elevated temperature and pressure; therefore, it
is not practical for use in structural repair.
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FIGURE 1-18. Round plug patch assembly.
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FIGURE 2-12. Fabric attachment spacing

b. When the original lace spacing on the
empennage surfaces and fuselage, is not
known, a maximum spacing of two times the
spacing shown in figure 2-12 for the slipstream
area (prop wash) on the wings may be used.

¢. The installations of fabric attach-
ments such as screws, rivets, wire clips, and
rib lacing should be delayed until the fabric is
stabilized and pulled taut with dope. This ac-
tion is delayed to avoid pulling wing ribs and
other structures out of alignment or tearing the
fabric at attachment points as the fabric be-
comes taut. All lacing should be installed ad-
jacent to the structure to which the fabric is
being laced, to avoid tearing the fabric and/or
creating slack in the cord loop when a load is
applied. Where plastic washers were used by
the aircraft manufacturer to provide increased
pull-through resistance, under the heads of riv-
ets or screws, the same diameter aluminum
washer may be used as replacement. Alumi-
num washers are used because they are not

Par 2-11

affected by solvents found in adhesives or
dopes, nor do they become brittle because of
age or cold weather.

2-12. FASTENERS. Several light aircraft
designs employ screws, rivets, or single-wire
metal clips to secure the fabric to the wing.

a. Screws holding the old fabric can be
removed after spinning a small sharpened tube
around each screw or using a razor blade to cut
and peel away the finishing tape. Care must
be taken not to mark or scribe the underlying
metal or wood structure. Blind rivets through
ribs can be removed by drilling in the center to
undercut the head.

b. Single-wire clips may be removed
without damage to the rib by inserting a wide,
thin screwdriver blade under the clip and care-
fully twisting. Apply a lifting force at the clip
end to pull it up through the hole.
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NOTE: It is important that any dam-
age found to ribs, such as oversize
rivet or screw holes, and cracks or
breaks in the rib cap, should be
tagged immediately for easy location
and repair later.

¢. When repairs are made to fabric sur-
faces attached by special mechanical methods,
duplicate the original type of fastener. When
self-tapping screws are used for the attachment
of fabric to the rib structure, observe the fol-
lowing procedure:

(1) Redrill the holes where necessary
due to wear, distortion, etc., and in such cases,
use a screw one size larger as a replacement.

(2) Extend the length of the screw be-
yond the rib capstrip at least two threads.

(3) Install a thin washer, preferably
aluminum, under the heads of screws and dope
pinked-edge tape over each screw head.

2-13. FINISHING TAPE.

a. Finishing tape (surface tape) is in-
stalled after the fabric has been pulled taut
with the initial dope application. This proce-
dure is performed to prevent ripples from
forming in fabric panels adjacent to newly ap-
plied tapes. Ripple formation is caused by the
inability of the combined tape and fabric to
tighten uniformly with adjacent fabric when
additional dope is applied.

b. In addition to the tape widths re-
quired to be installed over fabric seams speci-
fied in paragraph 2-7, finishing tape should be
installed as weather protection over all rib
lacing, screws, rivets, wire clips, or other de-
vices used to secure fabric. This includes
wings, control surface ribs, empennage surface
ribs, and fuselage stringers, where so installed
by the original aircraft manufacturer. Tape
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width should be sufficient to bond the fabric a
minimum of 3/8 inch on each side of all fabric
attachments. Two inch width tape is normally
used. Tapes over wing rib lacing should ex-
tend a minimum of 1/2 inch past each end of
any reinforcing tapes. Random or widely-
spaced attachments may be covered by indi-
vidual sections of fabric or finishing tape.

c. Installation of finishing tapes for ad-
ditional wear resistance is recommended over
the edges of all fabric-forming structures. This
includes fuselage stringers, longerons, leading
and trailing edges, false or nose ribs, control
surfaces, and empennage ribs not already cov-
ered and protected by a finishing tape that is
required to be on a fabric seam or fabric at-
tached to the structure. Compound surfaces,
such as wingtip bow and empennage surfaces,
are more conveniently taped using bias cut
finishing tape, which easily conforms to the
compound contour, rather than notching linear
cut tape to fit the surface. Bias cut tape will be
reduced to approximately two thirds the origi-
nal cut width when pulled tight around a
wingtip bow and should be considered when
selecting the width of tape for the various lo-
cations.

d. Finishing tapes are applied by coating
the fabric surface over which the tape will be
applied with dope, applying the tape over the
wet dope film, then brushing the tape firmly
onto the fabric surface. This action will assure
a good bond by thoroughly saturating and
wetting the finishing tape.

2-14. INSPECTION RINGS AND DRAIN
GROMMETS.

a. Inspection Rings. Inspection access is
provided adjacent to or over every control
bellcrank, drag-wire junction, cable guide,
pulley, wing fitting, or any other component
throughout the aircraft which will be inspected
or serviced annually. They are installed only
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on the bottom side of the wings except where
installed on the top surface by the original
manufacturer.

(1) Cutting the holes may be delayed
until needed; however, all covers should be
finished in matching colors with any trim lines
and stored until needed. Spraying matching
colors a year later is expensive and time con-
suming.

(2) The 3-9/16inch inside diameter
cellulose acetate butyrate (CAB) plastic in-
spection access rings have become popular and
bond satisfactorily with Nitrate Dope or Fabric
Cement. Any metal inspection hole rein-
forcements of a particular shape or special de-
sign or size, installed by the original manu-
facturer, should be reinstalled after cleaning.

(3) Tapes or patches over aluminum
reinforcements are optional, but recommended
in the prop-wash areas on the wings and for-
ward fuselage bottom.

(4) Fabric patches over plastic rings are
strongly recommended because plastic is not a
stable material, becomes brittle at low tem-
peratures, and fatigues and cracks from prop
blast vibration. Plastic rings are often cracked
during removal and installation of spring, clip-
held covers. Patches with a minimum 1-inch
overlap, should be installed with dope.

b. Drain Grommets. Atmospheric tem-
perature changes cause the humidity in the air
to condense on the inside of aircraft surfaces
and pool in all low areas. Rainwater enters
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through openings in the sides and top, and
when flying, everywhere throughout the
structure.  Taxiing on wet runways also
splashes water up through any bottom holes.
Therefore, provisions must be made to drain
water from the lowest point in each fabric
panel or plywood component throughout the
airframe while in a stored attitude. Drain holes
also provide needed ventilation.

(1) Install drain grommets on the under
side of all components, at the lowest point in
each fabric panel, when the aircraft is in stored
attitude. Seaplane grommets, which feature a
protruding lip to prevent water splashes
through the drain hole, are recommended over
drain holes subject to water splashing on land
planes as well as seaplanes. The appropriate-
size holes must be cut through the fabric be-
fore installing seaplane grommets. Plastic
drain grommets may be doped directly to the
fabric surface or mounted on fabric patches
then doped to the covering. Installing a small
fabric patch over flat grommets to ensure secu-
rity is optional. Alternate brass grommets are
mounted on fabric patches, then doped to the
fabric.

(2) After all coating applications and
sanding are completed, open all holes through
flat drain grommets by cutting through the fab-
ric with a small-blade knife. Do not attempt to
open drain holes by punching with a sharp
object because the drain hole will not remain
open.

2-15.—2-19. [RESERVED.]
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identify the manufacturers’ products sold un-
der proprietary trade names may or may not
have a fungicidal additive.

(5) The viscosity of the dope should be
adjusted to uniformly wet the fabric, indicated
by the fabric becoming translucent so that it
penetrates through the fabric but does not drip
or run down the opposite side. Any dope-runs
or pooling on the opposite side will shrink and
distort the fabric, and may be visible on the
finished surface.

(6) The ideal temperature for application
of dope or other coatings is 65 to 75 F and the
humidity should be less than 65 percent. As a
general rule, each 10 F increase or decrease in
ambient temperature will increase or decrease
drying time by 100 percent. Dope should be
allowed to warm to room temperature prior to
attempting to adjust the viscosity.

b. Step 2. Depending upon the quality of
the dope and the ratio of thinning, the fabric
should start to become taut after the first
brushed coat of dope has dried approximately
1 hour at 70 °F. A second, heavier coat is ap-
plied by cross brushing at 90°F to the first
coat. Viscosity should be adjusted only as
necessary to brush out a heavy uniform coat.
If the fabric is not taut, with all sag removed,
after the second coat has dried approximately
2 hours, a third coat may be applied.

c. Step 3. After the fabric has become
semi-taut and stabilized with the initial dope
application, and the rib lacing and other fabric
attachments are completed as detailed in para-
graphs 2-9 through 2-12, it is ready for
“dressing out” as described in paragraphs 2-13
and 2-14.

d. NOTE: “Dressing out” means applying
all the finishing tapes, reinforcing patches, in-
spection access ports, and drain grommets, etc.

Par 2-21
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e. Step 4. After the covering is a dressed
out, one or more coats of clear dope are
brushed over all finishing tapes and fabric re-
inforcing patches. This will balance the thick-
ness of the dope film with the previously
coated areas of the fabric. It is very important
that the porosity of the fabric be filled while
brushing to avoid pinholes showing in the fin-
ish.

f. Step 5. After drying at least 2 hours at
70 °F, a third heavy coat of clear dope is ap-
plied over the entire surface, preferably with a
paint spray gun if brush marks are to be
avoided. After the third coat of dope has dried
at least 2 hours at 70 °F, the fabric should be
taut and the dope film should show a gloss,
depending upon the dope quality and the ratio
of thinner added. If not, a fourth coat of clear
dope may be applied, in the same manner as
the third coat.

NOTE: Three to four clear coats of
dope film showing a uniform gloss
combined with the aluminum-
pigmented coats and finish coats is
considered satisfactory for light air-
craft up to 9 Ib. per square foot wing
loading. Five to eight clear coats, de-
pending upon the quality of the dope
and resulting film thickness, are rec-
ommended for higher wing loading
aircraft to assure the covering does
not stretch and lose tension.

g. Step 6. After the clear coats are found
to be satisfactory, two heavy cross-coats of
aluminum-pigmented dope are applied with a
spray gun to provide protection from ultravio-
let (UV) rays. Tests have shown that UV ra-
diation will deteriorate cotton, linen, and poly-
ester fabric; however, polyester fabric deterio-
rates at a rate half that of cotton or linen under
identical exposure conditions. UV radiation
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does not deteriorate glass fabric. Aluminum-
pigmented dope blocks UV radiation and pro-
vides a sanding base. A gauge of ultraviolet
protection in the field is to block all visible
light from penetrating through the fabric.
Drying time between the two coats should be

at least 1 hour at 70 °F.

(1) An option to premixed aluminum
dope is to use aluminum-pigment paste. Alu-
minum paste should be prepared per the manu-
facturer’s instructions. If no manufacturer’s
instructions are available, mix 3 ounces (by
weight), of 325-mesh aluminum-pigment
paste, to 1 gallon of unthinned, clear dope.
The aluminum paste should first be mixed to a
cream consistency with a 50/50 ratio of dope
and thinner before mixing into the unthinned
clear dope. A higher ratio of aluminum-
pigment added to the dope may cause a loss of
primer-coat and finish-coat adhesion, and
peeling may occur especially when high tack
tape is used to mask for the trim colors and
registration numbers.

(2) The viscosity of the mixed alumi-
num-pigmented dope should be adjusted for
satisfactory spray gun application.

h. Step 7. After two coats of aluminum-
pigmented dope have dried at least 4 hours at
70 °F, the surface may be wet sanded with
# 280 grit (or finer) waterproof sandpaper.
The aluminum-pigmented dope should be
sanded only to develop a smooth surface, not
sanded completely off to the clear dope under-
coats. Do not sand over screwheads, rib lac-
ing, or any structural sharp edges that will
quickly cut through fabric and require patch-
ing. Additional coats of aluminum-pigmented
dope may be applied and sanded, depending
on the final finish desired. The last coat
should not be sanded to assure ultraviolet
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protection along the edges of the finishing
tapes and reinforcing patches is maintained.

i. Step 8. Three coats of pigmented color
finish are applied with a paint spray gun, al-
lowing adequate drying time between coats.
The color finish may be wet sanded between
coats, if desired, with a fine grit waterproof
sandpaper. Adding blush retarder to the final
dope finish will improve the gloss. After dry-
ing several weeks, a rubbing compound may
be used to buff the finish and increase the
gloss. A periodic application of a wax polish
will help protect the finish from the weather
and environmental pollution.

NOTE: Drain holes should be opened
soon after all finishing is complete to
insure drainage and to aid ventilation
of the structure.

(1) When exposed to the sun, dark col-
ors absorb more sun energy and convert that
energy to heat more easily than light colors.
High temperatures dry out wood structures and
deteriorate organic materials in an aircraft
structure. Preferably the lighter color shades
are applied first and then overcoated with
darker trim and registration number colors.

(2) Only high-quality, solvent-resistant
crepe paper or polypropylene masking tape
should be used to avoid finish bleed under the
tape edge. Newspaper printing ink may trans-
fer to a fresh finish and should not be used for
masking paper. Plastic sheeting should not be
used as a dust cover on a fresh finish due to
possible bonding and damage.

2-22. COVERING OVER PLYWOOD.
Exposed, stressed plywood surfaces, such as
wings, must be protected from weather
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SECTION 3. INSPECTION AND TESTING

2-30. GENERAL. All components of the
covering should be inspected for general con-
dition. Loose finishing tape and reinforcing
patches; chafing under fairings; brittle, crack-
ing, peeling, or deteriorated coatings; fabric
tears and rock damage; broken or missing rib
lacing; and rodent nests are unacceptable. The
entire fabric covering should be uniformly taut
with no loose or wrinkled areas, or excess ten-
sion which can warp and damage the airframe.

a. Excess Tension. There are no methods
or specifications for measuring acceptable fab-
ric tension other than observation. Excess ten-
sion may warp critical components, such as
longerons, wing rib, and trailing edges out of
position, weakening the airframe structure.

(1) Excess tension with cotton, linen,
and glass fiber fabric covering is usually
caused by excessive dope film on a new cov-
ering, or continuous shrinking of an originally
satisfactory dope film as the plasticizers mi-
grate from the dope with age. Heat from sun
exposure accelerates plasticizer migration.

(2) Excess tension with polyester fabric,
coated with dope, is usually caused by the
combined tension of the heat tautened polyes-
ter fabric and continuous shrinking of the dope
film as the plasticizers migrate from the dope
with age.

b. Loose Fabric. Fabric that flutters or
ripples in the propeller slipstream, balloons, or
is depressed excessively in flight from the
static position, is unacceptable.

(1) Loose or wrinkled cotton, linen, and
glass fabric covering may be caused by inade-
quate dope film; poor quality dope; fabric in-
stalled with excess slack; or by a bent, broken,
or warped structure.
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(2) Loose or wrinkled polyester fabric
covering, finished with coatings other than
dope, may be caused by inadequate or exces-
sive heat application; excess slack when the
fabric was installed; or bent or warped struc-
ture. Polyester fabric which does not meet air-
craft quality specifications will very likely be-
come loose after a short period of time.

(3) Glass fabric covering should be
tested with a large suction cup for rib lacing
cord failure and reinforcing tape failure caused
by chafing on all wing ribs and other structural
attachments throughout the airframe. Particu-
lar attention should be given to the area within
the propeller slipstream. If failure is indicated
by the covering lifting from the static position,
the rib lacing cord and reinforcing tape must
be reinstalled with double the number of origi-
nal laces.

NOTE: Temporary wrinkles will de-
velop in any fabric coated and fin-
ished with dope, when moisture from
rain, heavy fog, or dew is absorbed
into a poor-quality dope film, causing
the film to expand. Temporary wrin-
kles may also develop with any type of
thick coatings, on any type of fabric,
when an aircraft is moved from a cold
storage area to a warm hangar or
parked in the warming sunshine,
causing rapid thermal expansion of
the coating.

c. Coating Cracks. Fabric exposed
through cracks in the coating may be initially
tested for deterioration by pressing firmly with
a thumb to check the fabric’s strength. Natural
fibers deteriorate by exposure to ultraviolet ra-
diation, mildew, fungus from moisture, high
acid-content rain, dew, fog, pollution, and age.
Polyester filaments will deteriorate by expo-
sure to UV radiation.
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(1) Glass fabric will not deteriorate
from UV exposure, but will be deteriorated by
acid rain, dew fallout, and chaffing if loose in
the prop blast area.

(2) Cotton, linen, and glass fabric cov-
erings are dependent solely on the strength and
tautening characteristics of the dope film to
carry the airloads. Dope coatings on heat-
tautened polyester fabric will also absorb all
the airloads because the elongation of polyes-
ter filaments are considerably higher than the
dope film. Polyester fabric that is coated with
materials other than dope, is dependent solely
on the heat tautening and low-elongation char-
acteristics of the polyester filaments to develop
tension and transmit the airloads to the air-
frame without excess distortion from a static
position.

(3) Cracks in coatings will allow any
type of exposed fabric to deteriorate. Cracks
should be closed by sealing or removing the
coatings in the immediate area and replace
with new coatings, or recover the component.

2-31. FABRIC IDENTIFICATION.
Cotton Fabric meeting TSO-C15 or TSO-C14
can be identified by an off-white color and
thread count of 80 to 94 for TSO-C14b and
80 to 84 for TSO-C15d in both directions.

a. Aircraft linen conforming to British
specification 7F1 may be identified by a
slightly darker shade than cotton fabric and ir-
regular thread spacing. The average thread
count will be about the same as Grade A fabric
(TSO-C15d). The non-uniformity of the linen
thread size is also noticeable, with one thread
half the size of the adjacent thread. When
viewed under a magnifying glass, the ends of
the cotton and linen fiber nap may be seen on
the backside. The nap is also seen when the
coating is removed from the front or outside
surface A light-purple color showing on the
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back side of cotton or linen fabric indicates a
fungicide was present in the dope to resist de-
terioration by fungus and mildew.

b. Polyester fabric conforming to
TSO-C14b or TSO-C15d is whiter in color
than cotton or linen. The fabric styles adapted
for use as aircraft covering have a variety of
thread counts, up to ninety-four (94), depend-
ing on the manufacturing source, weight, and
breaking strength. Polyester is a monofilament
and will not have any nap or filament ends
showing.

¢. Glass fabric is manufactured white in
color, and one source is precoated with a blue-
tinted dope as a primer and to reduce weave
distortion during handling. Thread count will
be approximately 36 threads per inch. Glass
fabrics are monofilament and will not have any
nap or filament ends showing unless they are
inadvertently broken.

d. When a small fabric sample can be
removed from the aircraft and all the coatings
removed, a burn test will readily distinguish
between natural fabric, polyester, and glass
fabric. Cotton and linen will burn to a dry ash,
polyester filaments will melt to a liquid and
continue burning to a charred ash, and glass
filaments, which do not support combustion,
will become incandescent over a flame.

2-32. COATING IDENTIFICATION.

Nitrate or butyrate dope must be used to de-
velop tension on cotton, linen, and glass fab-
rics. When a small sample can be removed,
burn tests will distinguish nitrate dope-coated
fabric from butyrate dope-coated fabric by its
immediate ignition and accelerated combus-
tion. Butyrate dope will burn at less than
one-half the rate of nitrate dope. Coating types
other than nitrate or butyrate dope may have
been used as a finish over dope on cotton,
linen, and glass fiber fabric coverings.
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CHAPTER 4. METAL STRUCTURE, WELDING, AND BRAZING

SECTION 1. IDENTIFICATION OF METALS

4-1. GENERAL. Proper identification of
the aircraft structural material is the first step
in ensuring that the continuing airworthiness
of the aircraft will not be degraded by making
an improper repair using the wrong materials.

a. Ferrous (iron) alloy materials are
generally classified according to carbon con-
tent. (See table 4-1.)

TABLE 4-1. Ferrous (iron) alloy materials.

MATERIALS CARBON CONTENT
Wrought iron Trace t0 0.08%

Low carbon steel 0.08% to 0.30%
Medium carbon steel 0.30% to 0.60%

High carbon steel 0.60% to 2.2%

Cast iron 2.3% to 4.5%

b. The strength and ductility, or tough-
ness of steel, is controlled by the kind and
quantity of alloys used and also by
cold-working or heat-treating processes used
in manufacturing. In general, any process that
increases the strength of a material will also
decrease its ductility.

c¢. Normalizing is heating steel to ap-
proximately 150 °F to 225 °F above the steel’s
critical temperature range, followed by cooling
to below that range in still air at ordinary tem-
perature. Normalizing may be classified as a
form of annealing. This process also removes
stresses due to machining, forging, bending,
and welding. After the metal has been held at
this temperature for a sufficient time to be
heated uniformly throughout, remove the
metal from the furnace and cool in still air.
Avoid prolonging the soaking of the metal at
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high temperatures, as this practice will cause
the grain structure to enlarge. The length of
time required for the soaking temperature de-
pends on the mass of the metal being treated.
The soaking time is roughly % hour per inch of
the diameter of thickness (Ref: Military Tech
Order (T.O.) 1-1A-9).

4-2. IDENTIFICATION OF STEEL
STOCK. The Society of Automotive Engi-
neers (SAE) and the American Iron and Steel
Institute (AISI) use a numerical index system
to identify the composition of various steels.
The numbers assigned in the combined listing
of standard steels issued by these groups repre-
sent the type of steel and make it possible to
readily identify the principal elements in the
material.

a. The basic numbers for the four digit
series of the carbon and alloy steel may be
found in table 4-2. The first digit of the four
number designation indicates the type to which
the steel belongs. Thus, “1” indicates a carbon
steel, “2” a nickel steel, “3” a nickel chromium
steel, etc. In the case of simple alloy steels,
the second digit indicates the approximate per-
centage of the predominant alloying element.
The last two digits usually indicate the mean
of the range of carbon content. Thus, the des-
ignation “1020” indicates a plain carbon steel
lacking a principal alloying element and con-
taining an average of  0.20 percent
(0.18 t0 0.23) carbon. The designation “2330”
indicates a nickel steel of approximately
3 percent (3.25 to 3.75) nickel and an average
of 0.30 percent, (0.28 to 0.33) carbon content.
The designation “4130” indicates a chromium-
molybdenum steel of approximately 1 percent
(0.80t0 1.10) chromium, 0.20 percent
(0.15 to 0.25) molybdenum, and 0.30 percent
(0.28 to 0.33) carbon.
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b. There are numerous steels with
higher percentages of alloying elements that
do not fit into this numbering system. These
include a large group of stainless and heat re-
sisting alloys in which chromium is an essen-
tial alloying element. Some of these alloys are
identified by three digit AISI numbers and
many others by designations assigned by the
steel company that produces them. The few
examples in table 4-3 will serve to illustrate
the kinds of designations used and the general
alloy content of these steels.

¢. “1025” welded tubing as per Specification
MIL-T-5066 and “1025” seamless tubing con-
forming to Specification MIL-T-5066A are inter-

changeable.

4-3. INTERCHANGEABILITY OF
STEEL TUBING.

a. “4130” welded tubing conforming to
Specification MIL-T-6731, and “4130” seam-less
tubing conforming to Specification MIL-T-6736
are interchangeable.

b. NE-8630 welded tubing conforming to
Specification MIL-T-6734, and NE-8630
seamless tubing conforming to Specification
MIL-T-6732 are interchangeable.

4-4. IDENTIFICATION OF ALUMINUM.
To provide a visual means for identifying the
various grades of aluminum and aluminum
alloys, such metals are usually marked with
symbols such as a Government Specification
Number, the temper or condition furnished, or
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the commercial code marking. Plate and sheet
are usually marked with specification numbers
or code markings in rows approximately
5 inches apart. Tubes, bars, rods, and extruded
shapes are marked with specification numbers
or code markings at intervals of 3 to 5 feet
along the length of each piece.

The commercial code marking consists of a
number which identifies the particular compo-
sition of the alloy. In addition, letter suffixes
(see table 4-4) designate the basic temper des-
ignations and subdivisions of aluminum alloys.

TABLE 4-2. Numerical system for steel identification.

TYPES OF STEELS NUMERALS
AND DIGITS
Piain carbon steel 10XX
Carbon steel with additional sulfur for easy 11XX
machining.
Carbon steel with about 1.75% manganese 13XX
.25% molybdenum. 40XX
1% chromium, .25% molybdenum 41XX
2% nickel, 1% chromium, .25% molybdenum 43XX
1.7% nickel, .2% molybdenum 46XX
3.5% nickel, .25% molybdenum 48XX
1% chromium steels 51XX
1% chromium, 1.00% carbon S51XXX
1.5% chromium steels 52XX
1.5% chromium, 1.00% carbon 52XXX
1% chromium steel with .15% vanadium B61XX
.5% chromium, .5% nickel, .20% molybdenum 86XX
.5% chromium, .5% nicke!, .25% molybde- 87XX
num
2% silicon steels, .85% manganese 92XX
3.25% nickel, 1.20% chromium, .12% mo- 93XX
lybdenum
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TABLE 4-3. Examples of stainless and heat-resistant steels nominal composition (percent)

ALLOY DESIGNATION CARBON CHROMIUM NICKEL OTHER GENERAL CLASS OF STEEL
302 0.15 18 9 Austenitic
310 0.25 25 20 Austenitic
321 0.08 18 11 Titanium Austenitic
347 0.08 18 11 Columbium or Austenitic
Tantalum
410 0.15 12.5 Martensitic, Magnetic
430 0.12 17 Ferritic, Magnetic
446 0.20 25 Nitrogen Ferritic, Magnetic
PH15-7 Mo 0.09 15 7 Molybdenum, Precipitation
Aluminum Hardening
17-4 PH 0.07 16.5 4 Copper, Precipitation
Columbium Hardening
or Tantalum
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TABLE 4-4. Basic temper designations and subdivisions from aluminum alloys.

NON HEAT-TREATABLE ALLOYS HEAT-TREATABLE ALLOYS

Temper Temper

Designation Definition Designation Definition

-0 Annealed recrystallized (wrought products only) | -0 Annealed recrystallized (wrought products only)
applies to softest temper of wrought products. applies to softest temper of wrought products.

-H1 Strain-hardened only. Applies to products which | -T1 Cooled from an elevated temperature shaping
are strain-hardened to obtain the desired strength process (such as extrusion or casting) and nau-
without supplementary thermal treatment. rally aged to a substantially stable condition.

-H12 Strain-hardened one-quarter-hard temper. -T2 Annealed (castings only).

-H14 Strain-hardened half-hard temper. -T3 Solution heat-treated and cold-worked by the

flattening or straightening operation.

-H16 Strain-hardened three-quarters-hard temper. -T36 Solution heat-treated and cold-worked by reduc-

tion of 6 percent

-H18 Strain-hardened full-hard temper. -T4 Solution heat-treated.

-H2 Strain-hardened and then partially annealed. Ap- | -T42 Solution heat-treated by the user regardless of
plies to products which are strain-hardened more prior temper (applicable only to 2014 and 2024
than the desired final amount and then reduced in alloys).
strength to the desired level by partial annealing.

-H22 Strain-hardened and partially annealed to | -T5 Artificially aged only (castings only).
one-quarter-hard temper.

-H24 Strain-hardened and partially annealed to | -T6 Solution heat-treated and artificially aged.
half-hard temper.

-H26 Strain-hardened and partially annealed to | -T62 Solution heat-treated and aged by user regard-
three-quarters-hard temper. less of prior temper (applicable only to 2014 and

2024 alloys).
-H28 Strain-hardened and partially annealed to full-hard | -T351, Solution heat-treated and stress relieved by
temper. -T451, stretching to produce a permanent set of 1 to 3
-T3510, percent, depending on the product.
-T3511,
-T4510,
-T4511.

-H3 Strain-hardened and then stabilized. Applies to | -T651, Solution heat-treated, stress relieved by stretch-
products which are strain-hardened and then sta- { -T851, ing to produce a permanent set of 1 to 3 percent,
bilized by a low temperature heating to slightly | -T6510, and artificially aged.
lower their strength and increase -18510,
ductility. -T6511,

-T8511.

-H32 Strain-hardened and then stabilized. Final temper | -T652 Solution heat-treated, compressed to produce a
is one-quarter hard. permanent set and then artificially aged.

-H34 Strain-hardened and then stabilized. Final temper | -T8 Solution heat-treated, cold-worked and then artifi-
is one-half hard. cially aged.

-H36 Strain-hardened and then stabilized. Final temper | -T/4 Solution heat-treated, cold-worked by the flatten-
is three-quarters hard. ing or straightening operation, and then artificially

aged.

-H38 Strain-hardened and then stabilized. Final temper | -T86 Solution heat-treated, cold-worked by reduction of
is full-hard. 6 percent, and then artificially aged.

-H112 As fabricated; with specified mechanical property | -T9 Solution heat-treated, artificially aged and then
limits. cold-worked.

-F For wrought alloys; as fabricated. No mechanical | -T10 Cooled from an elevated temperature shaping
properties limits. For cast alloys; as cast. process artificially aged and then cold-worked.

-F For wrought alloys; as fabricated. No mechanical
properties limits. For cast alloys; as cast.

4-5. - 4-15. [RESERVED.]
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SECTION 4. METAL REPAIR PROCEDURES

4-50. GENERAL. The airframe of a fixed-
wing aircraft is generally considered to consist
of five principal units; the fuselage, wings,
stabilizers, flight control surfaces, and landing
gear.

a. Aircraft principal structural elements
(PSE) and joints are designed to carry loads by
distributing them as stresses. The elements
and joints as originally fabricated are strong
enough to resist these stresses, and must re-
main so after any repairs. Long, thin elements
are called members. Some examples of mem-
bers are the metal tubes that form engine
mount and fuselage trusses and frames, beams
used as wing spars, and longerons and string-
ers of metal-skinned fuselages and wings.
Longerons and stringers are designed to carry
principally axial loads, but are sometimes re-
quired to carry side loads and bending mo-
ments, as when they frame cutouts in
metal-skinned structures. Truss members are
designed to carry axial (tension and compres-
sion) loads applied to their ends only. Frame
members are designed to carry side loads and
bending moments in addition to axial loads.
Beam members are designed to carry side
loads and bending moments that are usually
large compared to their axial loads. Beams
that must resist large axial loads, particularly
compression loads, in combination with side
loads and bending moments are called
beam-columns. Other structural elements such
as metal skins, plates, shells, wing ribs, bulk-
heads, ring frames, intercostal members, gus-
sets, and other reinforcements, and fittings are
designed to resist complex stresses, sometimes
in three dimensions.

b. Any repair made on an aircraft struc-
ture must allow all of the stresses to enter,
sustain these stresses, and then allow them to
return into the structure. The repair must be
equal to the original structure, but not stronger
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or stiffer, which will cause stress concentra-
tions or alter the resonant frequency of the
structure.

¢. All-metal aircraft are made of very
thin sheet metal, and it is possible to restore
the strength of the skin without restoring its ri-
gidity. All repairs should be made using the
same type and thickness of material that was
used in the original structure. If the original
skin had corrugations or flanges for rigidity,
these must be preserved and strengthened. If a
flange or corrugation is dented or cracked, the
material loses much of its rigidity; and it must
be repaired in such a way that will restore its
rigidity, stiffness, and strength.

4-51. RIVETED (OR BOLTED) STEEL
TRUSS-TYPE STRUCTURES. Repairs to
riveted structures may be made employing the
general principles outlined in the following
paragraphs on aluminum alloy structures. Re-
pair methods may also be found in text books
on metal structures. Methods for repair of the
major structural members must be specifically
approved by the Federal Aviation Administra-
tion (FAA).

4-52. ALUMINUM ALLOY STRUC-
TURES. Extensive repairs to damaged
stressed skin on monocoque-types of alumi-
num alloy structures must be made in accor-
dance with FAA-approved manufacturer’s in-
structions or other FAA-approved source.

a. Rivet Holes. Rivet holes are slightly
larger than the diameter of the rivet. When
driven, solid rivets expand to fill the hole. The
strength of a riveted joint is based upon the
expanded diameter of the rivet. Therefore, it is
important that the proper drill size be used for
each rivet diameter.
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(1) The acceptable drill size for rivets
may be found in Metallic Materials and Ele-
ments for Flight Vehicle Structure
(MIL-HDBK-5).

(2) Avoid drilling oversized holes or
otherwise decreasing the effective tensile areas
of wing-spar capstrips, wing, fuselage, fin-
longitudinal stringers, or highly-stressed ten-
sile members. Make all repairs, or reinforce-
ments, to such members in accordance with
factory recommendations or with the specific
approval of an FAA representative.

b. Disassembly Prior to Repairing. If
the parts to be removed are essential to the ri-
gidity of the complete structure, support the
structure prior to disassembly in such a manner
as to prevent distortion and permanent damage
to the remainder of the structure. When rivets
are removed, undercut rivet heads by drilling.
Use a drill of the same size as the diameter of
the rivet. Drilling must be exactly centered
and to the base of the head only. After drill-
ing, break off the head with a pin punch and
carefully drive out the shank. On thin or un-
supported metal skin, support the sheet metal
on the inside with a bucking bar. Removal of
rivet heads with a cold chisel and hammer is
not recommended because skin damage and
distorted rivet holes will probably result. In-
spect rivet joints adjacent to damaged structure
for partial failure by removing one or more
rivets to see if holes are elongated or the rivets
have started to shear.

c. Effective Tools. Care must also be
taken whenever screws must be removed to
avoid damage to adjoining structure. When
properly used, impact wrenches can be effec-
tive tools for removal of screws; however,
damage to adjoining structure may result from
excessive vertical loads applied through the
screw axis. Excessive loads are usually related
to improperly adjusted impact tools or at-
tempting to remove screws that have seized
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from corrosion. Remove seized screws by
drilling and use of a screw extractor. Once the
screw has been removed, check for structural
cracks that may appear in the adjoining skin
doubler, or in the nut or anchor plate.

4-53. SELECTION OF ALUMINUM
FOR REPLACEMENT PARTS. All alumi-
num replacement sheet metal must be identical
to the original or properly altered skin. If an-
other alloy is being considered, refer to the in-
formation on the comparative strength proper-
ties of aluminum alloys contained in
MIL-HDBK-5.

a. Temper. The choice of temper de-
pends upon the severity of the subsequent
forming operations. Parts having single cur-
vature and straight bend lines with a large
bend radius may be advantageously formed
from heat-treated material; while a part, such
as a fuselage frame, would have to be formed
from a soft, annealed sheet, and heat-treated
after forming. Make sure sheet metal parts
which are to be left unpainted are made of clad
(aluminum coated) material. Make sure all
sheet material and finished parts are free from
cracks, scratches, kinks, tool marks, corrosion
pits, and other defects which may be factors in
subsequent failure.

b. Use of Annealed Alloys for Struc-
tural Parts. The use of annealed aluminum
alloys for structural repair of an aircraft is not
recommended. An equivalent strength repair
using annealed aluminum will weigh more
than a repair using heat-treated aluminum
alloy.

4-54. HEAT TREATMENT OF ALUMI-
NUM ALLOY PARTS. All structural alumi-
num alloy parts are to be heat-treated in accor-
dance with the heat-treatment instruction is-
sued by the manufacturers of the part. In the
case of a specified temper, the sequence of
heat-treating  operations set forth in
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c. Rivet edge distance is defined as the
distance from the center of the rivet hole to the
nearest edge of the sheet. Rivet spacing is the
distance from the center of the rivet hole to the
center of the adjacent rivet hole. Unless
structural deficiencies are suspected, the rivet
spacing and edge distance should duplicate
those of the original aircraft structure. If
structural deficiencies are suspected, the fol-
lowing may be used in determining minimum
edge distance and rivet spacing.

(1) For single row rivets, the edge dis-
tance should not be less than 2 times the di-
ameter of the rivet and spacing should not be
less than 3 times the diameter of the rivet.

(2) For double row rivets, the edge dis-
tance and spacing should not be less than the
minimums shown in figure 4-5.

(3) For triple or multiple row rivets, the
edge distance and spacing should not be less
than the minimums shown in figure 4-5.

d. The 2117 rivets may be driven in the
condition received, but 2017 rivets above
3/16 inch in diameter and all 2024 rivets are to
be kept packed in dry ice or refrigerated in the
“quenched” condition until driven, or be reheat
treated just prior to driving, as they would oth-
erwise be too hard for satisfactory riveting.
Dimensions for formed rivet heads are shown
in figure 4-6(a), together with commonly
found rivet imperfections.

e. When solid shank rivets are impracti-
cal to use, then special fasteners are used.
Special fastening systems used for aircraft
construction and repair are divided into two
types, special and blind fasteners. Special
fasteners are sometimes designed for a specific
purpose in an aircraft structure. The name
“special fasteners” refers to its job requirement
and the tooling needed for installation. Use of
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special fasteners may require an FAA field ap-
proval.

f. Blind rivets are used under certain con-
ditions when there is access to only one side of
the structure. Typically, the locking charac-
teristics of a blind rivet are not as good as a
driven rivet. Therefore, blind rivets are usu-
ally not used when driven rivets can be in-
stalled.

Blind rivets shall not be used:

(1) in fluid-tight areas;

(2) on aircraft in air intake areas where
rivet parts may be ingested by the